Duplex AAV-2 DNA was digested with Sail, PstI or Haell restriction endonucleases and the cleavage sites were mapped. Sail cleaves AAV DNA at 0.310 map units, PstI at 0.106, 0.422 and 0.914 and the five Haell sites were mapped at 0.110. 0.156, 0.181, 0.536 and 0.600 map units. These cleavage products will be useful for the isolation of specific regions from the AAV DNA, located outside of the stably transcribed region of the genome, and will also help to map more complex restriction enzyme cleavages.
INTRODUCTION
The adeno-associated viruses (AAV) require the help of an adenovirus for the productive infection of mammalian cells .
Individual AAV particles contain either a plus or a minus single-stranded DNA genome of 1.4 x 10 molecular weight . After isolation from virions, the complementary strands may reassociate to yield linear or circular, monomeric and oligomeric duplexes. The circular and ollgomeric duplexes probably arise by hydrogen bonding between cohesive termini resulting from the presence of a limited permutation present in the AAV DNA strand population .
All of the previously mapped cleavage sites in AAV2 DNA duplexes for the restriction endonucleases EcoRI, Hindll (Hindi) and BamHI ( Fig. 1 ) are 4 5 6 located in the. informational (stably transcribed) region of the genome ' ' .
For this reason, other restriction enzymes were examined to determine if they would cleave the non-transcribed regions of the AAV-DNA. This would facilitate the study of potential regulatory regions in the AAV genome. In addition, it was advantageous to map additional endonucleases which cleaved DNA at a few sites before attempting to locate the large number of AAV2 DNA fragments produced by endonucleases such as Haelll, Hpall, Alul and Hhal, (manuscript in preparation). In this paper we describe the cleavage of AAV2 DNA by j>all, PstI and Haell.
MATERIALS AND METHODS
Preparation of viral DNA Preparation of vlrlons containing AAV2 DNA uniformly labeled with 3 32 7
H or P has been described . AAV DNA was isolated from virions by sedimentation through an alkaline sucrose gradient. The single strands were reassociated in formamide then duplex linear monomers were purified in neutral sucrose gradients. The specific activity of various Hlabeled AAV DNA preparations ranged from 6 to 8 x 10 c.p.m./pg-DNA and that of P-labeled AAV DNA ranged from 0.6 to 1.2 x 10 c.p.m./yg.
Cleavage with restriction enzymes
The Sail enzyme was a generous gift from Dr. G. Hayward. The other restriction endonucleases were obtained from BioLabs (Beverly, Massachusetts).
All enzymatic digestions were carried in a total volume of 20-50 pi at 37 C for a period of 2 to 5 hrs. The amount of enzyme was adjusted to obtain a complete digest of the DNA. The Sail reaction mixture contained 5 mM Tris (pH 7.4), 10 mM MgCl 2 and 15 mM NaCl. AAV DNA was digested with PstI or Haell in a reaction mixture containing 6 mM Tris (pH 7.4), 6 mM MgCl 2 , and 6 mM 2-mercaptoethanol. The reaction conditions for EcoRI BamHI and Haelll have been described ' ' . All the reactions were terminated by addition of sodium dodecyl sulfate to a final concentration of 1%. Bromophenol blue dye and sucrose were added prior to electrophoresis. 32 Labeling of the 5' terminus of AAV DNA with P-Y-ATP 32 Linear AAV duplexes were labeled in the 5 1 termini with P, using polynucleotide klnase (BioLabs, 800 U./ml) as described before ' .
The reaction mixture was kept at 37 C for one hour and the 5'-terminallabeled AAV linear duplexes were purified by sedimenting in a neutral sucrose gradient .
Preparation of specific AAV DNA restriction fragments
The size and location of AAV2 EcoRI, Hindi and BamHI fragments are 32 described in Figure 1 . P-AAV DNA linear duplex molecules were cleaved with EcoRI or BamHI, and the resulting products separated by neutral sucrose gradient sedimentation as previously described ' ' .
Electrophoresis and autoradiography
The endonuclease digests of DNA were electrophoresed in a verticalslab gel apparatus (0.15 x 10 x 14 cm) using a buffer containing 40 mM Composite acrylamide-agarose gels were prepared in 17 x 0.6 cm.
glass tubes . The DNA was electrophoresed at 100 V at room temperature until the dye marker migrated to a convenient distance. The gels were fractionated into 1 mm slices, solubilized at 65 C overnight with hydrogen peroxide and the radioactivity determined by scintillation counting in a triton-toluene cocktail .
RESULTS
Cleavage of linear duplex AAV DNA by Sail endonuclease (Table I ) .
Cleavage of the EcoRI-B fragment with Sail ( Fig (Table 1 ) . Number and size of endonuclease PstI fragments 32 Linear P-labeled AAV DNA was cleaved with PstI and the fragments examined on a 3% acrylamide slab gel (Fig. 3A, track 2) . A total of 6 discrete fragments are identified (A, B, C1-C2, D1-D2) and also several bands corresponding to incomplete cleavage of the molecule. PstI 32 cleavage of AAV DNA containing a 5'-P-terminal label yielded all the radioactivity in fragments C1-C2, and D1-D2 (Fig. 3B, track 2) . To order the PstI terminal fragments, the BamHI-A and B and the EcoRl-C segments were digested with PstI (Fig. 3A) . This showed (Fig. 3A, track 5 ) that the doublet C1-C2 is in the BamHI-B fragment and therefore contains the left molecular end. Conversely (Fig 3A, track 4) , the doublet D1-D2 is B) Identification of the Pstl terminal fragments. Pstl cleavage of 1) uniformly P-labeled or 2) 5'-terminally-labeled AAV DNA. Both digests were electrophoresed in the same gel slab but autoradiography was performed for different times to maximize resolution.
(i.e., C2 or D2), is used to estimate molecular weight because the slower component of each doublet has a variable molecular weight that depends on the gel concentration (see Discussion) .
Cleavage of BamHI-A with PstI (Fig. 3A, track 4) yielded, in addition to Pstl-Dl-D2 and Pstl-A, a new fragment which contains 20.1% of the genome. Cleavage of BamHI-B with PstI (Fig. 3A track 5) yielded, in addition to C1-C2, a new fragment containing 11.5% of the genome that comigrates with the Cl band. This shows that the map order from left to right must be C1-C2, B, A, D1-D2 (Fig. 1 ) . The location of the Pstl-A-B junction is at 42.2 map units which should be within the EcoRI-C fragment. This is confirmed by cleavage of that fragment with PstI ( (Fig. 4 ) . The molecular weight of these fragments was estimated on the basis of their (Table 1 ) . As seen in Table 1 , fragments D, E, and F were present in a molar ratio of 1. The slowest migrating species had a molar ratio of 2:1 indicating an overlap of two fragments (A and B). These two components were resolved in a 3% slab acrylamide gel by electrophoresing for an extended period of time (Fig. 5A, track 2) . On the other hand, fragments
Cl and C2 were present at molar ratios of 1:2 which suggests that they correspond to one end of the AAV molecule. To test this, AAV DNA was 32 labeled at the 5' termini with P and then cleaved with Haell. As shown in Figure 5B (track 2) one of the ends of the molecule corresponds to the doublet C1-C2.
Haell cleavage of the BamHI-A fragment (Fig. 5A , track 3) gave
Haell-A, Haell-D and a new segment that migrated slightly faster than
Haell-B and contained 31.6% of the genome. Since the BamHI-A fragment is the right hand end and the 31.6% fragment is the internal end of BamHI-A and because Haell-D is not a terminal fragment (Fig. 5B) then the Haell-A fragment is the right hand molecular terminus (Fig. 5B ).
Thus the order from left to right in the BamHI-A fragment is 31.6%
fragment/Haell-D/Haell-A. Haell cleavage of BamHI-B (Fig. 6, track 3) gave the Haell-Cl-C2, E and F segments and also a new piece, containing 4% of the genome, that migrated slightly faster than E. Since C1-C2 is the left end, the E and F fragments must be internally located. Cleavage of the AAV EcoRI fragments ( only to a segment of DNA containing the C and E fragments since C plus F will give a combined molecular weight of 0.38 x 10 (see Table 1 ) . The cleavage products were electrophoresed in a 3% acrylamide gel for 2 hrs. at 100 V. B) End. fragments of Haell. 1) Uniformly P-labeled or 2) 5'-terminal P-labeled AAV DNA cleaved with Haell. Fragments were electrophoresed on a 3-10% acrylamide gradient slab gel.
C) Partial cleavage of AAV DNA with Haell. 1) P-labeled AAV DNA digested with a limiting amount of Haell and run in parallel with complete digests of uniformly labeled P AAV DNA cleaved with 2) Haelll or 3) Alul used as molecular weight markers. The digestion products were electrophoresed in a 3-10% acrylamide gradient gel. The cleavage sites mapped here have been extremely useful in mapping an additional 50 to 60 cleavage sites in AAV2 DNA produced by endonucleases Alul, Hpall, Hhal and Haelll which will be described elsewhere. The relative positions of the Haell-E and F fragments were 32 unequivocally ordered by partial digestion of uniformly labeled P-AAV 32 and of P-5'-terminal labeled AAV DNA. These two fragments map between 0.11 and 0.18 on the AAV genome. Previous data have indicated that the 4 stable AAV RNA maps between 0.18 and 0.88 map units of the minus strand .
Thus, the Haell-E and F fragments will be useful for characterization of potential control regions involved in AAV transcription.
In this respect also, the FstI cleavage site at 0.106 may be useful. Similarly, the PstI cleavage site at 0.914 map units is about 100 nucleotides downstream from the 3' end of stable AAV mRNA and will be useful for studies of termination of AAV RNA transcription.
